Although Senecio species are known as sources of potentially toxic pyrrolizidine alkaloids (PAs), some species of this genus are traditionally used as remedies, notably in Algeria. In this paper, the evaluation of biological activities and the analysis of PAs of Algerian specimens of Senecio delphinifolius Vahl are reported. The n-butanolic extract of the herb showed a weak antibacterial effect against Escherichia coli with a MIC of 1 mg/mL, but was inactive against Staphylococcus aureus and Pseudomonas aeruginosa. The n-butanolic extracts of the roots, stems and herb showed a modest antioxidant activity, scavenging the free radical DPPH with respective IC 50 values of 55.3, 50.2 and 13.3 µg/mL. A cytotoxic effect against a series of human tumor cell lines was observed with the n-butanolic extract from stems (IC 50 ranging between 34 and 88 µg/mL). The herb of the evaluated sample contains 140 ppm of PAs (senecionine, seneciphylline, integerrimine, senkirkine) and PA-related alkaloids (dehydrosenkirkine and neosenkirkine). As the major PAs belong to the toxic series (1,2-unsaturation in the pyrrolizidine cycle and macrocyclic diester), the use of S. delphinifolius should be discouraged in traditional medicine.
The genus Senecio, which belongs to the tribe Senecioneae, is the largest and most complex genus in the family Asteraceae and includes more than 1500 species with a worldwide distribution. Senecio species are used all around the world in folk medicine for the treatment of wounds and as an antiemetic, anti-inflammatory, antimicrobial and vasodilator [1] . The genus Senecio is represented in Algeria by eighteen species, among which is S. delphinifolius Vahl, a plant found endemically in Sicily (Italy) and in North Africa; its vernacular name in Algeria is "Hachichetettolba".
Given that some Senecio species are traditionally used against infectious diseases, the n-hexane, dichloromethane and n-butanol extracts from S. delphinifolius herb were investigated for activity against S. aureus (Gram +), E. coli and P. aeruginosa (Gram -). The n-butanol extract showed a weak effect against E. coli, with a minimum inhibitory concentration (MIC) of 1 mg/mL, but was inactive against the other microorganisms (MIC > 2 mg/mL). These results suggest that the herb of S. delphinifolius is probably not a good candidate in the search for antimicrobial compounds.
The antioxidant activity of extracts from S. delphinifolius root, stem and herb evaluated by a 2,2-diphenyl-1-picryhydrazyl (DPPH) assay showed that the n-hexane and dichloromethane extracts from each plant part were practically inactive (IC 50 > 500 µg/mL), whereas the n-butanol extracts showed a modest scavenging effect with IC 50 values of 55.3, 50.2 and 13.3 µg/mL (0.02, 0.03 and 0.10 quercetin equivalents) for root, stem and herb, respectively. Since phenolic compounds have been reported for the genus Senecio [1] , the observed antioxidant activity could be attributed to these compounds.
Only the n-butanol extract from the stem was active against all tested human tumor cell lines with IC 50 values ranging between 34 and 88 µg/mL (Table 1) . These results agree with those obtained with other Senecio species [2] . Pyrrolizidine alkaloids (PAs), composed of a necine base and a necic acid, are divided into two groups, (i) PAs with a saturated necine moiety, which are non-toxic; and (ii) PAs with a 1,2-unsaturated necine base, which are hepatotoxic to mammals and genotoxic [3] . PAs of the macrocyclic senecionine type belong to the second group and are secondary metabolites characteristic of most species of Senecio. These PAs are deterrent and toxic to most vertebrates and insects and provide plants with a chemical defense against herbivores [4] . GC-MS analysis showed the presence of PAs at an estimated total concentration of 140 ppm (expressed as heliotrine, as described in [5] ). Analysis of the alkaloid extract ( Table 2) showed that dehydrosenkirkine and senkirkine were the most abundant (24% each), followed by seneciphylline (22%), senecionine (12%), integerrimine (10%) and neosenkirkine (8%). 2304  335  12  Seneciphylline  2320  333  22  Integerrimine  2362  335  10  Senkirkine  2484  365  24  Dehydrosenkirkine  2524  363  24  Neosenkirkine  2554  365  8 Legend: RI, retention index. EI-MS: Electronic impact mass spectrometry.
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These results are in accordance with Pelser et al [6] , who identified these six PAs in a specimen of S. delphinifolius from Tunisia in almost the same proportions. PAs are known to be hepatotoxic to human and animals, and, in particular, genotoxic. Although PAinduced hepatotoxicity significantly varies, depending on necine structures and N-oxidation, recommended dose thresholds are quite difficult to estimate and to extrapolate universally to all PAs [7, 8] .
Fetuses and infants, being particularly susceptible to PA poisoning, pregnant and lactating women should not use PA-containing herbs [9] . Nevertheless, the herb of this plant contains about 140 ppm of unsaturated PAs, potentially hepato-and genotoxic; thus the use of its extracts should be restricted in phytomedicine, despite the observed activities. 
Experimental

Extract preparation:
One hundred g of root / stem / herb were exhaustively and successively extracted by solvents of increasing polarity; evaporation of the solvents under reduced pressure yielded the extracts: n-hexane (yield, 0.2 g / 0.5 g / 4.4 g), dichloromethane (yield, 0.3 g / 0.3 g / 5.8 g) and n-butanol (yield, 3.1 g / 4.6 g / 7.9 g).
Analysis of pyrrolizidine alkaloids:
About 0.5 g of plant material was homogenized in 20 mL HCl 1 M for 10 min and the homogenate left to stand at room temperature for 30 min. After centrifugation, half of the supernatant was made basic with NH 4 OH, applied to an Extrelut ® column (1 mL extract / g Extrelut ® ) and eluted with 40 mL of CH 2 Cl 2 ; after evaporation of the solvent, the residue was re-dissolved in 200 µL of methanol. To investigate for the presence of N-oxides, the other half of the acidic extract was reduced with Zn dust for 4 h and similarly treated [5] . The obtained extracts were analyzed by GC and GC-MS, as previously described [5] . Heliotrine was used as standard.
Antibacterial activity: The antibacterial activity was evaluated, as previously described [10] , by a broth microdilution method using the following strains: Staphylococcus aureus ATCC 6538, Escherichia coli ATCC 25922 and Pseudomonas aeruginosa ATCC 9027 (10 5 cells/well)
Antioxidant activity:
The antioxidant activity was assessed by colorimetric measurement of the scavenging ability of compounds towards the stable free radical 2,2-diphenyl-1-picrylhydrazyl (DPPH), as previously described [10] .
MTT cell proliferation assay:
The human cancer cell lines included the Hs683 (ATCC code HTB-138) glioma, the A549 (DSMZ code ACC107) NSCLC and the HT29 (ATCC code HTB-38) colon cancer models. The cells were cultured in RPMI 1640 medium supplemented with 10% heat inactivated fetal bovine serum, 4 mM glutamine, 100 µg/mL gentamicin, 200 U/mL penicillin and 200 µg/mL streptomycin (Lonza, Verviers, Belgium). For the 3-(4,5dimethyl-2-thiazolyl)-2,5-diphenyl-2H-tetrazolium bromide (MTT) reduction assay, cells (12,000 cells/mL culture medium) were seeded in 96-microwell plates. After 24 h, the medium was replaced by medium containing increasing concentrations of the drugs to be analyzed and incubated at 37°C, in 5% CO 2 for 72 h. The medium was removed and 100 µL of MTT solution (0.5 mg/mL in RPMI 1640 without phenol red) was added to each well. The plate was reincubated for 3h30, the solution was removed and replaced by DMSO (Merck, Hohenbrunn, Germany). The plate was then gently shaken and the intensity of the coloration was measured by spectrophotometry (Biorad model 680XR, Biorad, Nazareth, Belgium) at 570 nm (with a reference of 630 nm) [2] .
